During intraflagellar transport (IFT), the regulation of motor proteins, the loading and unloading of cargo, and the turnover of flagellar proteins all occur at the flagellar tip. To begin an analysis of the protein composition of the flagellar tip, we employed difference gel electrophoresis to compare long vs. short (i. e. regenerating) flagella. The concentration of tip proteins should be higher relative to that of tubulin (which is constant per unit length of the flagellum) in short, compared to long, flagella. One protein we have identified is the cobalamin independent form of methionine synthase (MetE). Antibodies to MetE label flagella in a punctate pattern reminiscent of IFT particle staining, and immunoblot analysis reveals that the amount of MetE in flagella is low in full-length flagella, increased in regenerating flagella, and highest in resorbing flagella. Four methylated proteins have been identified in resorbing flagella, using antibodies specific for asymmetrically dimethylated arginine residues. These proteins are found almost exclusively in the axonemal fraction, and the methylated forms of these proteins are essentially absent in full-length and regenerating flagella. Because most cells resorb cilia/flagella prior to cell division, these data indicate a link between flagellar protein methylation and progression through the cell cycle.
Introduction
Intraflagellar transport (IFT) was originally discovered in the bi-flagellate green alga Chlamydomonas (Kozminski et al., 1993b) and is characterized by the rapid, bi-directional movement of IFT particle polypeptides (Cole et al., 1998) and their associated cargo and motor proteins along the length of eukaryotic cilia and flagella. One of the striking observations about the process is that IFT particles move from base to tip at a constant rate without pauses. At the flagellar tip, IFT particles are remodeled (Iomini et al., 2001; Pedersen et al., 2006) and then begin transport back to the cell body. Kinesin-2 (Kozminski et al., 1995) and Osm-3 (Snow et al., 2004) are the motors for anterograde (base to tip) movement, and dynein 2 is the motor for retrograde movement (Gibbons et al., 1994; Pazour et al., 1999; Porter et al., 1999; Signor et al., 1999) . However, little is known about (i) how the relative activities of the IFT motors are controlled, (ii) how cargo is loaded and unloaded, or (iii) how assembly and disassembly of the flagellum are regulated, except that all of these activities occur within a few tenths of a µm of the flagellar tip, i. e. where anterograde IFT stops and retrograde IFT begins. We refer to this region of the flagellum and the proteins comprising it as the flagellar tip complex (FTC).
Although morphological structures unique to the FTC were described several decades ago (Dentler and Rosenbaum, 1977; Sale and Satir, 1977; Dentler, 1980) , the biochemical composition and function of these structures remain unknown. The following data relevant to the FTC, however, are known: (a) tubulin subunit incorporation into regenerating flagellar microtubules occurs at the flagellar tip (Johnson and Rosenbaum, 1992) ; (b) full-length flagella continually turn over subunits (Song and Dentler, 2001) , and tubulin subunit turnover occurs at the flagellar tip (Marshall and Rosenbaum, 2001) ; (c) the IFT machinery is required for flagellar growth and maintenance (Piperno et al., 1996) ; (d) IFT is involved in flagellar length control (Marshall et al., 2005) ; and (e) IFT returns flagellar components to the cell body for degradation and/or recycling (Iomini et al., 2001) . These data suggest that identification of the proteins involved in flagellar assembly and maintenance, in IFT motor regulation and hence IFT directionality, and in cargo loading and unloading will be informed by a molecular and biochemical analysis of the components of the FTC.
To begin such an analysis, we have used a biochemical screen based on difference gel electrophoretic (DIGE) analysis of purified flagella to identify proteins that localize to the FTC. DIGE was used to compare the protein composition of full-length vs. regenerating (i. e. short) flagella. Proteins in short flagella that increase in abundance relative to full-length flagella would be potential tip proteins. Such a screen might also be expected to identify flagellar proteins whose abundance in flagella is uniformly increased during regeneration.
One protein identified by this screen was the cobalamin (vitamin B12) independent form of methionine synthase (MetE; EC 2.1.1.14). MetE was previously identified in Chlamydomonas as a protein whose gene transcription is up-regulated in gametes (Kurvari et al. 1995) . MetE is also a member of the Chlamydomonas flagellar proteome (Pazour et al. 2005) . The
Chlamydomonas genome also encodes the cobalamin dependent form of methionine synthase (MetH; EC 2.1.1.13); however, MetH is not found in the flagellar proteome.
Chlamydomonas grown in the presence of vitamin B12 preferentially express MetH, not MetE.
When cultured in the absence of vitamin B12, the usual laboratory growth conditions for Chlamydomonas, cells express both MetE and MetH (Croft et al., 2005) . Surprisingly, given the hypothesis for the screen employed, MetE is not localized to the flagellar tip but rather is distributed along the length of the flagellum. However, the amount of MetE is higher in regenerating flagella compared to control, full-length flagella. What could be the function of MetE in flagella? MetE catalyzes the conversion of homocysteine to methionine, which is then converted to S-adenosyl methionine (SAM) by methionine adenosyltransferase (EC 2.5.1.6), itself a member of the flagellar proteome, indicating a potential requirement for protein methylation during flagellar assembly or disassembly dynamics. Using antibodies to asymmetrically dimethylated arginine residues, we have 4 analyzed flagella under control, regenerating, and resorbing conditions. A very low, basal level of asymmetric dimethyl arginine can be detected in one protein from control or regenerating flagella. By contrast, four axonemal proteins are strongly methylated during the events of flagellar resorption, indicating a role for protein methylation during flagellar disassembly. Protein methylation has long been recognized as an important nuclear event, as histone methylation plays a key role in chromatin structure and transcriptional control.
Because cilia and flagella are resorbed prior to cell division (Bloodgood, 1974; Rieder et al., 1979) , the data reported here link progression through the cell cycle to a requirement for protein methylation in a cellular compartment other than the nucleus.
Materials and Methods

Cells and Antibodies
Chlamydomonas reinhardtii strain CC125 (wild type, mt+) and fla10 ts (fla10-1, strain CC-1919, mt-) were used for the work reported here; these cells are available from the Chlamydomonas Center <http://www.chlamy.org/>. Monoclonal antibodies to IFT139 were generously provided by Joel Rosenbaum and Dennis Diener (Yale University). These antibodies were raised using purified IFT particles as the immunogen, followed by selection of cell lines secreting antibodies specific for IFT139 [see (Cole et al., 1998) analysis of the proteins synthesized in vitro was performed using the MetE antiserum, which recognized the band at ~87 kDa in the programmed lysate. Finally, affinity purification of MetE-specific antibodies was performed either with MetE immobilized on nitrocellulose (Talian et al., 1983) or by affinity chromatography using the synthetic peptide covalently bound to 6 Affigel-15 (Bio-Rad) according to the manufacturer's instructions. Antibodies to α-tubulin were from Sigma (clone B-5-1-2). Antibodies to methylated arginine (Asym24) were from Millipore.
Flagellar Isolation
Cells were grown in TAP (Gorman and Levine, 1965 ) at 23 C on a cycle of 14 hours of light and 10 hours of dark. Flagella, prepared fresh for each experiment from 1.5 L or 8 L cultures, were purified by differential centrifugation as previously described (Sloboda and Howard, 2007) . To produce sub-fractions of flagella for more defined analysis, purified flagella were frozen at -80 C, thawed, and centrifuged in a microfuge at top speed for 2 min to produce a freeze-thaw supernatant; the flagella from the freeze-thaw pellet were resuspended and extracted with 0.05% NP-40 for 20 min at room temperature followed by centrifugation to produce a membrane supernatant; the resulting pellet was resuspended to constitute the axoneme fraction. For some experiments, the freeze-thaw step was omitted and purified flagella were extracted directly with 0.05% NP-40 to produce membrane-matrix and axoneme fractions. To produce a sample of regenerating flagella, cells were deflagellated by pH shock (Witman et al., 1972) , allowed to regenerate to a length of 3 to 4 µm, and then deflagellated again using dibucaine (Witman et al., 1978) . To produce a sample of resorbing flagella, cells were incubated in 20 mM sodium pyrophosphate as described previously (Lefebvre et al., 1978) until the length of the flagella had been reduced 3 to 4 µm; the cells were then deflagellated using dibucaine. Regenerating or resorbing flagella were purified by differential centrifugation as described above.
DIC Microscopy and Immunofluorescence
Samples were viewed with a Zeiss Axioskop 2 mot plus microscope using a 63x/1.4
NA Plan Apochromatic objective. Images were projected from the microscope to the faceplate of a Hamamatsu ORCA-ER camera via an optivar lens set at a magnification of 2x. The Samples were fixed and processed for immunofluorescence microscopy as previously described (Pedersen et al., 2003) , except that the blocking solution was 0.5% BSA, 10% goat serum in phosphate buffered saline. Secondary antibodies were labeled with Alexa 488, Alexa 568 (Molecular Probes/Invitrogen), or Cy3 (Jackson Labs). Samples were mounted in Prolong Gold (Molecular Probes/Invitrogen) prior to viewing.
Difference Gel Electrophoresis, SDS-Gel Electrophoresis, and Immunoblotting
Difference Gel Electrophoresis (DIGE; (Viswanathan et al., 2006) ) was carried out at the W. M. Keck Foundation Biotechnology Resource Laboratory at Yale University (New Haven, CT). Total amino acid analysis was conducted to provide an accurate measure of the total protein concentration of each sample. The samples were then labeled with Cy3 or Cy 5 in a reaction mixture containing 400 pmol dye/50 µg protein, which yields a labeling stoichiometry of ~1 dye per protein molecule. Complete details of the sample preparation, labeling, and analysis procedures for DIGE can be obtained by going to <http://www.gehealthcare.com/> and searching for 'DIGE user manual'. Relative spot intensities on the 2-D gels were determined via computer software (DeCyder™ from GE Healthcare).
For IFT particle isolation, purified flagella were extracted with 0.05% NP-40 and 10 mM
Mg-ATP for 20 min at room temperature (Cole et al., 1998) followed by centrifugation at 12,000 x g for 15 min in a Sorvall HB-4 rotor. The supernatant (the membrane-matrix fraction, containing IFT complex A and B particle polypeptides, among others) was loaded onto an 11 ml, 10-30% sucrose gradient and centrifuged in a Beckman SW41Ti rotor at 35,000 rpm for 18
hours. The tube was removed from the rotor and 50% sucrose was pumped into the bottom of the tube while collecting 0.5 ml fractions from the top. Sedimentation standards used to interpolate experimental S values were from Sigma: ovalbumin (3.7S), BSA (4.4S), catalase (11.3S), and thyroglobulin (19.4S).
Proteins were analyzed by SDS-polyacrylamide gel electrophoresis on either 4 -10% acrylamide/2 -8 M urea gradient gels or 7% gels with a 3% stacking gel according to the buffer formulations of (Laemmli, 1970) or on 4 -20% pre-cast gradient gels (Bio-Rad).
Resolved proteins were transferred to nitrocellulose and probed with antibodies as noted in the text, using peroxidase labeled secondary antibodies and detection via ECL (GE Healthcare).
Results
Using DIGE analysis, we compared the relative abundance of individual proteins in full-length flagella to those in short flagella on the same 2-D gel to avoid gel-to-gel differences and artifacts. To do this, Chlamydomonas cells were deflagellated and full-length, long (L) flagella were purified. When the deflagellated cells had regenerated their flagella to a length of 3 to 4 µm, the cells were again deflagellated and the short (S) flagella were purified. Thus, showed at least a three-fold increase in amount in the S sample relative to the L control sample might represent proteins that are specific to the FTC.
Computer software was used to analyze the gel images generated by excitation of each fluorochrome, and this analysis identified several dozen proteins whose spot intensities increased by a factor of three or more in the Cy 5 relative to the Cy 3 image. Twenty-five of these spots were punched out of the 2-D gel, and their protein composition was determined by mass spectrometry. Approximately half of these proteins were chloroplast or cytoplasmic contaminants, or proteins that could not be clearly identified. Some examples of proteins that increased in relative amounts in the S sample are as follows: Arrow 1 ( Figure 1B ) points to
Oxygen Evolving Enhancer Protein 1 (Mayfield et al., 1989) , a chloroplast component; arrow 2 points to C1a-18, a flagellar central pair complex protein (Dutcher et al., 1984; Wargo et al., 2005) ; arrow 3 points to an unidentified protein; and arrow 4 points to a series of spots identified as methionine synthase (MetE; EC 2.1.1.14), which can have multiple isoforms (see below).
MetE, a component of the Chlamydomonas flagellar proteome (Pazour et al., 2005) , was previously identified in Chlamydomonas as a protein whose transcript amounts increased several-fold in activated gametes as compared to normal gametes (Kurvari et al., 1995) .
MetE is the cobalamin (vitamin B12) independent form of methionine synthase that catalyzes the conversion of homocysteine to methionine via transfer of a methyl group from 5-methyltetrahydrofolate. To study flagellar MetE further, we generated a polyclonal antibody directed against a synthetic peptide representing residues 667-684 of Chlamydomonas MetE;
an E residue at position 679 in this sequence functions as one of four zinc ligands important for MetE activity (Pejchal and Ludwig, 2005) . Figure 2A shows the distribution of MetE in fractions generated from isolated flagella as determined by immunoblot analysis using these antibodies. MetE from Chlamydomonas has a predicted molecular mass of 86.5 kDa, and affinity purified antibodies to MetE identified a major band at this position in a sample of intact flagella (arrow, Figure 2 ). The antibodies also detected two other minor bands migrating at slightly larger relative masses. These minor isoforms remained bound to the axoneme upon extraction of isolated flagella with 0.05% NP-40. Because MetE from tobacco, which migrates on a 2-D gel as seven isoforms, can be phosphorylated on several different residues (Moscatelli et al., 2005) , it is possible these two minor bands detected by the MetE antibodies represent MetE that has been phosphorylated.
However, the two minor isoforms can still be detected after treatment of axonemal and membrane/matrix fractions with lambda protein phosphatase, an enzyme with activity directed at phosphorylated serine, threonine, and tyrosine residues. Thus, either the two minor bands are refractory to phosphatase treatment, or they derive from another mechanism such as alternative splicing of the MetE primary transcript in Chlamydomonas.
Because microtubule-based motors are dissociated from the microtubule subunit lattice in the presence of ATP (Gilbert et al., 1985; Lasek and Brady, 1985; Scholey et al., 1985; Vale et al., 1985) and because EDTA disrupts the structure of Zn-binding proteins (Matt et al., 2004) , we next tested the effect of these reagents on the interaction of MetE with the axoneme. Under either of these conditions the major isoform of MetE was still found in the membrane/matrix fraction, and the modified isoforms remained associated with the axoneme.
Although the bulk of the MetE is in the membrane/matrix fraction in the presence of ATP, as are IFT particles (Cole et al., 1998) , the MetE in the membrane/matrix fraction is not tightly associated with IFT particles ( Figure 2B ). The immunoblots in Figure 2B show the fractionation on a 10-30% sucrose gradient of the membrane/matrix components extracted from purified flagella with 0.05% NP-40 and 10 mM Mg-ATP. The major MetE isoform sedimented at ~9S (fractions 7 -9), while IFT complexes A and B sedimented at ~15 -16S
(fractions 14 -16; see also (Cole et al., 1998) .
Despite these data, MetE antibodies stained intact Chlamydomonas flagella in a punctate pattern reminiscent of the staining of IFT particles. Figure 3A shows a DIC image of The distribution of MetE in flagellar fractions varied also with the assembly state of the flagella. Control, full-length, wild type flagella were isolated, frozen, and then thawed. This procedure damages the membrane, allowing soluble flagellar components to leak out, as has been shown for the microtubule plus end tracking protein EB1 in Chlamydomonas flagella (Pedersen et al., 2003) . Proteins released by freeze-thaw were separated from insoluble material by centrifugation to produce a freeze-thaw supernatant. The sedimented flagella were then resuspended, extracted with 0.05% NP-40, and sedimented to produce membrane and axoneme fractions, respectively. These three samples from full-length flagella were then analyzed by immunoblotting with MetE antibodies and compared to the same fractions produced from flagella that had either been regenerated to a third of the wild type length or resorbed to the same length prior to flagellar isolation. Figure 5 shows the results of such an analysis. In full-length flagella, some MetE was released to the supernatant after freeze-thaw and/or detergent extraction. The bulk of the MetE, however, remained associated with the axoneme. Regenerating flagella, by contrast, contained more MetE than full-length flagella, and much of this MetE was not tightly associated with the axoneme, as it was found in the supernatant after freeze-thaw and/or detergent extraction. Resorbing flagella contained the highest levels of MetE, and in this case, a majority of the MetE was released to the supernatant after freeze-thaw. In addition, note that the axonemal fraction of resorbing flagella lacked the modified forms of MetE that were detectable in the axonemal fractions of full-length and regenerating flagella.
What might be the function of MetE in flagella? MetE produces methionine from homocysteine, and methionine can then be converted to S-adenosyl methionine (SAM) by SAM synthase; SAM serves as the methyl donor for post-translational protein modification reactions via protein arginine methyl transferases (PRMTs); SAM synthase and methyltransferases have been identified in the flagellar proteome (Pazour et al. 2005) . In order to determine if methylated proteins are present in flagella, we used antibodies specific for asymmetric dimethyl arginine residues (Boisvert et al., 2003) . Finally, asymmetric dimethyl arginine residues were detected associated with the FTC of resorbing flagella that appeared by DIC microscopy to have normal flagellar morphology ( Figure 7) . However, note that only some flagella (29.6%) in a given preparation reacted with asymmetric dimethyl arginine antibodies only in the region of the FTC. The majority of resorbing flagella (70.4%) clearly did not. Rather, the staining of the majority of resorbing flagella was punctate and similar to the staining of IFT particles and MetE in full-length flagella (see Figure 3 ).
Discussion
Using a proteomic screen for flagellar tip complex (FTC) proteins based on a DIGE analysis of long vs. short flagella, we have identified the cobalamin (vitamin B12) independent form of methionine synthase (MetE; EC 2.1.1.14) as a flagellar protein in Chlamydomonas.
MetE was previously identified as a Chlamydomonas gene whose transcription rate was upregulated during the conversion of vegetative cells to gametes (Kurvari et al., 1995) and was also identified in the Chlamydomonas flagellar proteome (Pazour et al., 2005) . Antibodies MetE catalyzes the synthesis of methionine, the penultimate step in the production of S-adenosyl methionine (SAM). Because SAM is the methyl donor in protein methylation reactions we also analyzed flagella at various stages of growth and resorption to identify proteins containing methylated arginine. To do this we used antibodies specific for asymmetric, dimethyl arginine residues, and these results ( Figure 6 ) showed that resorbing flagella contain at least four proteins whose level of methylation increases dramatically during flagellar resorption.
Methylation of histones has been studied for many years, but only recently has methylation of cytoplasmic proteins been appreciated as an important post-translational modification event involved in the regulation of cellular activities. Myelin was one of the first non-nuclear proteins to be identified as a target for methylation (Baldwin and Carnegie, 1971; Brostoff and Eylar, 1971 ). Protein methylation is now recognized as a widespread cellular activity, critical not only for gene transcription, but also responsible for regulating various steps in signal transduction and protein targeting mechanisms (reviewed in (McBride and Silver, 2001) . For example, a number of small GTPases and the catalytic subunit of protein phosphatase 2A are methylated during various cellular events (Mumby, 2001 ). The present study adds to this list the involvement of arginine methylation during flagellar resorption.
It is important to note two aspects of protein methylation that make this posttranslational modification similar, but not identical, to protein phosphorylation. First, O-linked methyl groups on Asp and Glu residues can be removed by demethylating enzymes such as histone demethylase. However, no known class of enzymes exists that can demethylate the N-linked methyl groups of arginine, i. e. the class of methylation modifications reported here, although an amine oxidase can function to demethylate N-linked methyl groups on Lys4 in histone H3 (Shi et al., 2004) . Second, although methylation of arginine residues does not affect the positive charge on arginine, altered protein tertiary structure may result from the disruption of H-bonds caused by steric hindrance due to the addition of methyl groups to arginine residues.
Disrupted H-bonding, increased hydrophobic interactions, and steric hindrance are events potentially involved in flagellar resorption as these could alter key protein-protein interactions or protein tertiary structures, events that might be required as a prelude to axoneme disassembly. Alternatively, arginine methylation might promote the association, via hydrophobic interactions, of disassembled axonemal components with retrograde IFT particles. Because dimethyl arginine modifications are most likely irreversible, and because protein methylation is induced during resorption, the methylated proteins generated are most likely not re-used when resorption conditions are reversed to allow flagella regeneration to occur. For example, it has been shown previously that when flagella are induced to resorb and then the conditions are reversed to allow flagella regeneration in the presence of protein synthesis inhibitors, the resorbed flagellar proteins are reutilized to regenerate full-length flagella (Rosenbaum et al., 1969; Lefebvre et al., 1978) . Given these data and the results reported here, the cytoplasm must contain a pool of the non-methylated forms of proteins A -D (Figure 7 ) to meet the requirement of these proteins for flagellar regeneration. One or more of these methylated axonemal proteins may represent the limiting component of the precursor pool first noted by (Rosenbaum et al., 1969) .
Previous work indicated that histone H1, which migrates at 34 kDa on SDS gels, is a component of the flagellar axoneme where it plays a role in microtubule stability (Multigner et al., 1992) . A protein with axonemal stabilizing activity would be a likely target for an inactivating modification such as methylation during flagellar disassembly. We did not detect asymmetric dimethyl arginine residues in a protein of this size, but perhaps during flagellar resorption the axonemal form of H1 undergoes a methyl modification different from that reported here. This has yet to be determined.
Methylation of flagellar proteins, while a new observation with respect to flagellar dynamics, is not the first demonstration of post-translational protein modification in flagella.
For example, numerous phosphorylated proteins have been identified in Chlamydomonas flagella, including α-tubulin (Piperno and Luck, 1976) , radial spoke stalk proteins (Piperno et al., 1981) , outer arm dynein (King and Witman, 1994) , and a number of membrane/matrix components (Bloodgood, 1992) . Experiments using metabolic labeling of flagellar proteins with 32 P indicate that protein phosphorylation levels change with alterations in flagellar activity 18 (Bloodgood and Salomonsky, 1994) ; indeed, the flagellum contains >80 phosphoproteins (Piperno et al., 1981) . Phosphorylation has recently been shown to be important in the control of flagellar length, as is IFT itself (Marshall and Rosenbaum, 2001; Marshall et al., 2005) .
Variations in flagellar length in Chlamydomonas have been correlated with the activity of a novel MAP kinase encoded by the LF4 gene (Berman et al., 2003) , a NIMA-related kinase (Bradley and Quarmby, 2005) , and glycogen synthase kinase 3 (Wilson and Lefebvre, 2004) , although the target proteins for these kinases have not yet been identified.
Axonemal tubulin undergoes several other modifications in addition to phosphorylation, including glycylation, acetylation and polyglutamylation. Glycylation in ciliary axonemes (Redeker et al., 1994) is an essential modification. Tetrahymena cilia lacking all α-tubulin glycylation sites are normal, while cilia lacking three of five β-tubulin glycylation sites are 9 + 0 and immobile (Xia et al., 2000) . Surprisingly, it is not the position of the glycylation modifications on tubulin but the amount of total glycylation that is important. Acetylation occurs on the ε-amino group of Lys 40 in α-tubulin, and a deacetylase removes this group during flagellar resorption (L'Hernault and Rosenbaum, 1985) . However, this modification is non-essential in Tetrahymena cilia (Gaertig et al., 1995) and probably in Chlamydomonas flagella as well (Kozminski et al., 1993a) , as cells in which Lys 40 has been changed to arginine have no noticeable phenotype. However, arginine residues can also be acetylated, although it is not clear if the tubulin acetylase can also act on an arginine residue at position 40. In contrast, other deacetylation and phosphorylation reactions are important in the disassembly of primary cilia in tissue culture cells. For example, HDAC6, a tubulin deacetylase, is activated by phosphorylation via aurora kinase (Pan et al., 2004) , and this in turn promotes ciliary disassembly (Pugacheva et al., 2007) . Polyglutamylation of α-tubulin (Edde et al., 1990; Fouquet et al., 1994 ) is catalyzed by a specific polyglutamylase (Tt116), and the extent of glutamylation is modulated by the fleer gene in zebrafish (Pathak et al., 2007) . Polyglutamylation occurs on the C-terminal tail of α-tubulin, a domain that is itself acidic and is involved in the binding and processivity of kinesin (Skiniotis et al., 2004) .
Moreover, polyglutamylation of this domain enhances dynein-based motility in sperm (Gagnon et al., 1996) .
Flagella in Chlamydomonas (and primary cilia in mammalian cells) are dynamic structures; they assemble during G 0 /G 1 and when they reach a mature length continue to turn over subunits at the tip (Marshall and Rosenbaum, 2001 ). Flagella and cilia are resorbed prior to the start of mitosis. The data reported here provide the first example of protein methylation at arginine residues that occurs coincident with flagellar resorption. These data also indicate a requirement for methionine and SAM during flagellar resorption. Protein methylation may be a necessary step in the disassembly of axonemal structures or be required to promote the association of disassembled axonemal proteins with the retrograde IFT machinery.
Importantly, because most flagellated and ciliated cells resorb these organelles prior to cell division (Bloodgood, 1974; Rieder et al., 1979) The small circles with plus signs in the center (two per gel) were used for image alignment. 
